Prateći ekološko-ekonomski efekti metalurških i rudarskih deponija by Nikolić, Branislav et al.
"# E6 $%'E# #K##"#!&'!' (%K
'" O%(%&')## #!' (%	
  
 %%
 ; ;N2;72>?8..8.12:67.&>/6722<4>.1 3').'&0+3#&
 ; '!2<4>.1 

	

A ; '25;<9<L8<:2@.9A>L863.8A9@2@2<4>.1
 ; '!2<4>.1
" ; '!2<4>.1
 231%'4+/# 23'3#&' 4+317+0# + 231+:71&0,' /'5#.# +:&7#,# 4' 7+@' 3#:.+>+5+* /#5'3+,#.# -1,+ 4'
&'2106,6 3+ 1$1)#=+7#0,6 36&# 6 (.15#%+,#/# 213'& -10%'053#5# /'5#.# +:&7#,# 4' + 152#&0#
(.15#%+10#,#.17+0#-1,#4'4-.#&+@5+0#53#,0'&'210+,'
3+ 3'@#7#0,6 231$.'/#5+-' 23'3#&' &'21017#0+* /#5'3+,#.# 4#0+3#0,# &'210+,# + 3'7+5#.+:#%+,'
:'/.,+@5# 53'$#.1 $+ 1$3#>60#5+ + 7+@' 23#5'=+* '('-#5# 23+ &'(+0+4#0,6 123#7&#0145+ +07'45+%+10+*
3#&17#
##/'5#.63)+,#(.15#%+,#&'210+,''('-5+23'3#&'

 ()#
$>2>.1.:2@.9A>L865?6><B6;.6=><6DB<1;7.:2@.9.
?=.1.AD;.H.7;2</9.?@6/.D;2=>6B212<18<72D.B6?6
A8A=.; =>6B>21;<1>AL@B2;6 ;6B< 6 1.976 >.DB<7 1>A
L@B.+.B6?;<<18B.96@2@.?6><B6;.B>?@2@25;<9<L8<4
=><02?. 6 ?=20636H;<?@6 :2@.9A>L8<4 =<4<;. A @<8A
=><02?. 6D1B.7. ?2 B6L2:2@.9A>L865 L97.8.:A972B. 6
1>A465 :.@2>67.9. 8<76 ?2 =>6B>2:2;< 696 @>.7;< 12
=<;A7A ;. <1>.J2;6: 9<8.067.:. #B6 12=<;<B.;6
:.@2>67.96?.1>N28<>6?;2.9667.9<B6;?828<:=<;2;@2
6 ;765<B. B>21;<?@ 72 AB28 16?8A@./69;. 8<;<:?8.
B>21;<?@<B658<>6?;658<:=<;2;@6B.>6>. 6 D.B6?6<1
:;<4<3.8@<>..A<?;<B6?2/.D6>.;.:<4AG;<?@6:.
>20689.N266?8<>6LG2;76:.=>6?A@;65:2@.9.!2JA@6:
<B6:.@2>67.96 ?2:<4A8<>6?@6@6A>.D96H6@2?B>52.?.
@25;6H8<@25;<9<L86: >.DB<72: =<B2G.B.7A ?2 6 >.D
;<B>?;2 :<4AG;<?@6 A=<@>2/2 696 =>2>.12 <B65 12=<
;<B.;65:.@2>67.9.
$>6 </<4.G6B.;7A >A12 39<@6>.;72: =<>21 1<
/672;658<;02;@>.@.:2@.9./.8.><9<B<06;8N292D<
T 7.9<B6;?82 8<:=<;2;@2 >A12 12=<;A7A ?2 6 6D
1B.7.7A A 39<@.067?82 7.9<B6;2 8<72 D.AD6:.7A B29682
=<B>L6;2
$>6 </>.HA;A @><L8<B. =>2>.12 12=<;<B.;65:.
@2>67.9.6296:6;.067212=<;67.A=>.8?6?2H2?@<D.;2
:.>A7A=>.@2G62328@6<1;<?;<=>.@2G6=.>.:2@>68<76
1>2?. .A@<>. >.;6?9.B "68<96G ;N2;72>?8. .8.
12:67.&>/6722<4>.1;2D.!69<L.
%.1=>6:2972;	

	


1<?@.B.>6>.7AD.B6?;<<1 ?=20636H;<?@68<;8>2@;212
=<;672(<B<:>.1A?A8.<=>6:2>6.;.96D6>.;212
=<;672B2968651<:.G65:2@.9A>L8658<:=.;67. &:2
12>2B?8. N292D.>. (& &@229 &2>/6. 6 PP'>2=H.QQ A
<?<B?8<7 !6@><B606 8.< 6 6DB2?;. 7.9<B6L@. 12=<
;67239<@.067.<9<B;<06;8<B65>A1.
 $#&'#E!' (%K$#"
(=><02?A=><6DB<1;724B<NJ.6H2968.6D1B.7.?2
B6L2 ;A?=><6DB<1. ?28A;1.>;65 ?6><B6;. 6 <@=.1;65
:.@2>67.9. >.D96H6@<436D6H8<52:67?8658B.96@2@..8<
76 ?2 B>.G.7A A =><6DB<1;6 =><02? =><1.7A @>2G6: 96
06:.69612=<;A7A;.<14<B.>.7AG6:9<8.067.:.!2
JA<B6::.@2>67.96:.;.7D.?@A=972;67.72B6?<8<=2G;.
)$ 6 8<;B2>@<>?8.   @><?8. L97.8. N4A>. =>6
8.D.;2 ?. ?9606 
( =><6DB<1;<: =><02?A ?:212>2
B?82N292D.>2 PP( &&@299&2>/6.QQ A=><@289<:=2
>6<1A 1</67.9< ?2 			 84 )$ @><?82@ 4B<NJ. 6

	
	 84   @><?82@ H2968. . A 3./>6H8<: =><
?@<>A 12=<;<B.;< 72 <8< C
	 @ <B65 @><?86 ,
 -
#B.7=><?@<>72/96DA<1;<?;<=<>21=>64>.1?865;.
?297.6?.:6:@6:;.B212;212=<;672=>21?@.B97.7A=<
@2;067.9;A<=.?;<?@D.N6B<@;A?>216;A
2=<;67. ?@.>2 N292D.>2 /6BL24 =<4<;. 8<:=.
;672 PP( &&@229&2>/6.QQ726D:2JA :.46?@>.9;<4=A
@. &:212>2B<2<4>.1 6 >282 A;.B. 6 ;2 ?:2 ?2
D.;2:.>6@6=>6A8A=;<:>2L.B.;7A =<?@<72G65 =></92
:.@68.:24.12=<;67.N292D.>2A&:212>2BA
(1>A4<7=<9<B6;61B.12?2@<4B28.?A:=<>;.86
?296;. ?2=><6DB<169.6D4.?<B.=>N2;7.=6>6@.6=6><@6;2
"# E6 $%'E# #K##"#!&'!' (%K
'" O%(%&')## #!' (%	
 
A<?<B?8<7!6@><B606K.=0A6$>.5<BA41261.;.?
=<?@<72 B29682 :.?2 =6>6@;2 6 =6><@6;?82 =>N<@6;2 (
$>.5<BA 65 6:. <8< 
C
	 @ 6 @< ;21.928< <1A
;.B. . A <?<B?8<7 !6@><B606 =<>21 >282 &6@;602
<8< 	C
	 @ $>N<@6;2 ?.1>N2 ;2L@< 6D;.1  N2
92D. .96 6 ;2 D.;2:.>A7AG6 ?.1>N.7 <9<B. 06;8. .>
?2;..;@6:<;.6/.8>.,-
$>6 =>2>.16 8<;02;@>.@. 06;8. A =2>6<1A 


4<16;2=<?@.><:@25;<9<L8<:=<?@A=8AA<
?<B?8<7 !6@><B606 '<=6<;60. <9<B. PP'>2=H.QQ 8.<
;A?=><6DB<112=<;<B.;72=<>21&6@;602!#@.9<4
8<76 ?.1>N6 B6L2 <1 	 06;8. 8.< 6 N292D. D.@6:
<9<B<8.1:67A:?A:=<>6@1,-
$>6 =>2>.16 8<;02;@>.@. <9<B. A PP'>2=H6QQ 8.<
;A?=><6DB<1 6D1B.7. ?2 L97.8. L.5@;65 =2G6 8<7. 72
12=<;<B.;. =<>21 >282 />. ;. ?@.><: 39<@.067?8<:
7.9<B6L@A 8<72 ?2:<N2 B612@6 ;. ?9606  #B. L97.8.
?.1>N6<8<
	06;8.<8<<9<B. D.@6:/.8.>
.>?2;<8?612N292D.8.9067A:.?696067A:.6@1,-
(&>/6766:.B6L27.9<B6L@.39<@.067.>A1.</<72;65
:2@.9. . 8<72 D.AD6:.7A =<B>L6;2 <1 B6L2 ?@<@6;.
528@.>.?.;28<968<:696<;.@<;.7.9<B6;2
.+-#  :).'&&'210+,'7+41-12'=0' 5314-'-107'35134-' 5314-' +7+41-12'=01)/6.,#60'2143'&01,$.+:+0+
-1/2#0+,'BB5''.3$+,#CC
.+-#  :).'&&'210+,'@.,#-'@#*50+*2'=+12+10+%'1.17#BB3'2>#CC
"# E6 $%'E# #K##"#!&'!' (%K
'" O%(%&')## #!' (%	
  
$<B>L6;2 6 :.?2 4<>2 ;.B212;65 12=<;67. =>6
8.D.;2?AA @./296
.?B2?A9<06>.;2A;2=<?>21;<7
/96D6;6 >28. A;.B. 6 %.972 A &:212>2BA &6@;602 6
/>.A<?<B?8<7!6@><B606,
-6&.B2AK.=0A
)>21;<?@ 12=<;<B.;<4 :.@2>67.9. ?2 =><02;7A72
A49.B;<: =>2:. ?.1>N.7A =>6?A@;65 8<>6?;65 8<:
=<;2;.@. 8.< ;. =>6:2> 06;8. A !#@.9<4A 6 A
L97.06 L.5@;65 =2G6 . @25;<28<;<:?8. <=>.B1.;<?@
;765<B2=>2>.12D.B6?6<1B6L2?=20636H;659<8.9;65 .96
6 ?=<97;65B.>67./69;65=.>.:2@.>.
!2JA@6: =>6 A8A=;<: >2L.B.;7A <B2 =></92
:.@682=<@>2/;< 721236;6?.@6 6</>.HA;.@6B6L2=>.@2
G65 2328.@. <1;<?;< =.>.:2@>2 8<76 ?2 A =>.8?6 D.
;2:.>A7A
2=<;67.:2@.9A>L865:.@2>67.9. 6:. 6 B.;:2@.
9A>L865=>21AD2G.'.8<;.=>6:2>A3./>6H8<:8>A
4A !2@.;<9?8<?6>G2@;<4 8<:=928?. A 686;16 ;.
<8<			:?89.16L@2?2/A>.1?.59<>61;6: 0<?<>/ O
@.9<4<: 8<76 =>21?@.B97. ?28A;1.>;A ?6><B6;A /.8>.
,-
2=<;6728<72?A?@.>2;28<968<1202;67.8.<;.
=>6:2> 12=<;672 =>6 @<=6<;606 PP+.7.H.QQ 8<1  <
D;602?.1>N2>.D96H6@2:.@2>67.92?.B6L28<>6?;65.;
@6:<; <9<B< .96 6 L@2@;65 8<:=<;2;@6 .>?2; ?A
:=<>;.@>67A: 6@1 ,- &.;6>.;72<B65 6 ?96H;65 12
=<;67. :<>. /6@6 :A9@616?06=96;.>;< 42<9<L8< 42<
12@?8<36D6H8<52:67?8<:68></6<9<L8<6@25;<9<L8<
:2@.9A>L8< $>B< 72 =<@>2/;< 6D1B<76@6 8<>6?;2:.@2
>67.92.@28=<@<:=>6?@A=6@6>2B6@.96D.0676D2:976L@.
9<@.067?8657.9<B6;.=.?6B;65?@.>656.8@6B;65A
&>/676 6:. <8< 	 D.AD6:.7A B29682 =<B>L6;2 6 D.
4.JA7AN6B<@;A<8<96;AA8<968<;672;.;76:.6DB>L2;.
>2B6@.96D.067.D2:976L@.61</67.;728<>6?;65=<B>L6;.
#$'.# '.+>+0'21,'&+0+*/'5#.63@-+*&'210+,#+(.15#%+10+*,#.17+@5#
%21;6
/><7 2=<;67.7.9<B6L@2
$<B>L6;.
5.
!.?. C
	
@ &.?@.B 12=<;<B.;65 :.@2>67.9.

 )$ O@><?8.&:212>2B<  			 .#&6#!4#9#2
   O@><?8.&:212>2B<  			 .#&6#!4#2#9#
 QQ&@.>.N292D.>.QQ&:212>2B< 
 
			 K97.826 >.D;6 1>A46:.@2>67.96
 $6>6@;.=>N<@6;.<?<B?8.!6@><B60. 
	 	 2#2#.#+;#!4#$/?
 +; O!# O@.9<4<?<B?8.!6@><B60. 
	 		 +;2&$/
 K97.8.L.5@;65=2G6<?<B?8.!6@><B60. 	 		 2#.#&6#+;#$/&!4#
 .9<B6L@239<@.0672QQ<>;72 $<972QQ +B2H.; 		 
			 2&2&9#.#!4#&6#$/&+;&
 .9<B6L@239<@.0672QQ<>;76>;76;QQ 2=<?.B6G  		
2&2&&6#.#!4#
9#$/&+;&
 $%'E('$#" #)K'
"M)#'"(## "(
&B.8.12=<;67. 6;1A?@>67?865:.@2>67.9.=. 6:2
@.9A>L86512=<;<B.;65:.@2>67.9.?.1>N6B6L28<>6?;65
8<:=<;2;@6 .96 6:. 6 B2L2?@>A86 ;24.@6B.; A@60.7 ;.
<8<9;AN6B<@;A?>216;A#B.7A@60.7D.B6?6<1B6L23.
8@<>.<18<765?A ?9212G6 /6@;6
 36D6H8<52:67?82 6 :68></6<9<L82 <?</6;2 12=<
;<B.;65:.@2>67.9.
 8<;364A>.067.@2>2;.<8<12=<;672
 B296H6;.6</96812=<;672
 /96D6;. 12=<;672 ?@.:/2;6: ;.?2976:. 6 1>A46:
A>/.;6: </728@6:.
 /96D6;.12=<;67. 6DB<>6L@6:. B<1<@<8<B6:.6</
>.16B6:D2:976L;6:=<B>L6;.:.
 896:.@?86A?9<B6=><?@<>.<8<12=<;6726@1
%.D;2L97.82@><?82 =>.L6;2@.9<D6:A972B661>
A46<@=.1;6:.@2>67.96=<>21<?;<B;65:2@.9.8<768.
>.8@2>6LA 8<;8>2@.; :.@2>67.9 ?.1>N2 6 =>.@2G2 8<:
=<;2;@2 <1 8<765 H2?@< D.B6?6 8.@24<>6D.067. 6 52:6
7?8. .8@6B;<?@ <B65 :.@2>67.9. :<4AG;<?@ ;765<B2
=>2>.12628<;<:?8.<=>.B1.;<?@<B2=>2>.12'.8<
;. =>6:2> =>6 =>2>.16 L97.82 L.5@;65 =2G6 '<=6<;602
<9<B. =<>21 <9<B. 6 06;8. 8.< <?;<B;65 :2@.9.
1</67.7A?28.<8<:2>067.9;6=><6DB<166=>.@2G6 :2@.96
A<B6:L97.8.:.?>2/><68.1:67A:#1B.9<>6D.0672
;.@>67A:. =>6 =>2>.16 .98.9;65 <9<B;<>.36;2>67?865
L97.8.1<?@.D.B6?6@25;<28<;<:?8.<=>.B1.;<?@<B2
=>2>.12 DB2?;2:2@.9A>L8212=<;672 ?.1>N2 ?A93.@;2
7<;2 59<>61;2 7<;2 .>?2; 696 ;282 1>A42 52:67?86
<=.?;28<:=<;2;@28<72A?9<B97.B.7A@25;<9<467A;76
5<B2=>2>.12696 ;.H6; ;765<B<412=<;<B.;7.
'25;<28<;<:?8. <=>.B1.;<?@ =><02?. 72 =<?2
/;.</9.?@8<7.?.1>N6:;<42=.>.:2@>28<7616>28@;<
696 6;16>28@;< A@6HA ;. <=>.B1.;<?@ 8<;8>2@;<4 =><
6DB<1;<4=><02?.$>61236;6?.;7A@25;<9<4672=>2>.12
696 ?.;6>.;7.12=<;672 6:.B6L2=.>.:2@.>.8<76A@6HA
;. 28<;<:6H;<?@ =><02?. 6 D.L@6@A N6B<@;2 ?>216;2
8.<;.=>6:2>
 ?:.;72;72 D.4.J2;<?@6 B<1<@<8<B. D/<4 296:6
;.0672 =><021;656=<B>L6;?865B<1.?.12=<;672
 =<B2G.;728<>6?;65=<B>L6;.6=<D6@6B.;A@60.7;.
.4><8<:=928? A897AHA7AG6 6 ?:.;72;72 <L@2G2;7.
D292;65=<B>L6;.<8</6BL6512=<;67.
"# E6 $%'E# #K##"#!&'!' (%K
'" O%(%&')## #!' (%	
 	
 =><1AN2;72>.1;<46N6B<@;<4B28.?@.;<B;68.;.
=><?@<>A<8</6BL6512=<;67.
 ?:.;72;72 .2><D.4.J2;<?@6 D/<4 296:6;.0672 2<9
;<4D.4.J2;7.B.D1A5.<8<12=<;67.
 :.;7. .:<>@6D.067. =A@2B. ?@.:/2;65 6 1>A465
A>/.;65</728.@.
 H6?@67. N6B<@;. ?>216;. =</<97L.;72 D1>.B?@B2;65
A?9<B. ?@.;<B;6L@B. =>.B69;676 >.DB<7 1202 6 ?96
H;<
 =>2@B.>.;72 /2?8<>6?;<4 D2:976L@. 12=<;67. A
8<>6?;2 A>/.;2 =<B>L6;2 H67. A=<@>2/. :<N2 1<
;<?6@636;.;?67?86=>65<1
&B6<B6=.>.:2@>6@>2/.9</61.?2B>21;A7A636;.
;?67?86</>.HA;.7A.<B636;.;?67?862328@6/6@;<A@6HA
;. @25;<28<;<:?8A<=>.B1.;<?@ A8A=;<4 6;B2?@606
<;<4 @<8.
".AH;<6?@>.N6B.H86:=><728@<: /><7 		
 =<@
=><728@<:  8<76 ?2 >2.96DA72 =>6 !6;6?@.>?@BA =><
?B2@2 6 ;.A82 %2=A/9682 &>/672 6?@>.NA7A ?2 @25;<
28<;<:?86 2328@6 =><6DB<1;65=><02?.!2JA@6: =>6
</>.16 @25;<28<;<:?865 2328.@. A 1<:.G<7 =>.8?6
;21<B<97;< ?2 </>.JA7A =>.@2G6 2328@6 . <;6 /6@;<
A@6HA ;. >2L2;72 A8A=;65 =></92:. 6 <=>.B1.;<?@6
6;B2?@606<;65.8@6B;<?@6
 '%'(%
,
-  <8.9;6 28<9<L86 .806<;6 =9.; <=L@6;2 &:212>2B<
&:212>2B<		
,-  "68<96G  7 &28A96G " '.967.; ) "68<96G 6
<?@.96 6D6H8<52:67?8. 8.>.8@2>6D.067. <@=.1;65
B<1.6<@=.1;65:.@2>67.9.&:212>2B.6;765<BA@60.7
;.8B.96@2@B<12>282A;.B?.=<?2/;6:.?=28@<:
;. 6;1A?@>67A ?@>.N6B.H86 =><728.@ D. !6;6?@.>?@B<
=<97<=>6B>212 LA:.>?@B. 6 B<1<=>6B>212 % &>/672
2<4>.1		
,- !.>.G"68<96GM.:/2><B6G)"68<96G 6
<?@.96(@60.7:2@.9A>L8<52:67?8212=<;672<:/6
;.@. S'>2=H.R;.D.4.J2;72 />. 61236;6?.;72:2>.
D.L@6@2?@>.N6B.H86=><728.@D.!6;6?@.>?@B<;.A826
D.L@6@2N6B<@;2<8<96;2%&>/6722<4>.1		
,- ! .>.G  "68<96G + .>.G %A1.>?8<:2@.9A
>L82 12=<;672 <:/6;.@. S'>2=H.R 6 :<4AG;<?@6
;765<B<4 8<>6LG2;7. '25;68.%! 2<4>.1 
		

,- "68<96G!2@.9A>467.06;8.!<;<4>.367. '!
2<4>.1

,-  <8.9;628<9<L86.806<;6=9.;<=L@6;2&2B2>;2<
?<B?82!6@><B602<?<B?8.!6@><B60.	
	
,-  "68<96G  &@.;<72B6H  ).?6H $>2>.1. 59<
>61;<4 <?<>/ @.9<4. ?. 12=<;672 S!&R 6D 6
86;12 !2JA;.><1;. 8<;32>2;067. S#@=.1;2 B<12
<@=.16<=.?;6<@=.1RA1B.:.7

,- "68<96G+$<=<B6G!.>6;8<B6G)"68<96G6
<?@.96 &@A167. <=>.B1.;<?@6 >28<;?@>A80672 =<4<;.
D.=><6DB<1;7A6>.36;.067A<9<B.A8<:=928?A S+.
7.H.R %A1;606 6 @<=6<;60.  S+.7.H.R  <D;60.
		

	
#  #*"'# # "#"#!'&#!"""
!'  (%  "  &
05*'231%'441(3'(+0+0)3#8/#5'3+#.4#0&/'5#.231&6%5+10+05*'/'5#..63)+%#.+0&64539#0&/+0+0)
#3'#..1%#5'&#06/$'31(&+(('3'054'%10&#39/#5'3+#.451$'&'214+5'&05*''03+%*/'051(5*'13'
$9 (.15#5+10 +0 #&&+5+10 51 /'5#.4 %10%'053#5' (.15#5+10 5#+.+0)4 #3' #..1%#5'& 8*+%* +4 4513'& +0
2'3/#0'05.#0&(+..
!*'0 41.7+0) 5*' 231$.'/4 1( 231%'44+0) 1( &'214+5'& /#5'3+#. .#0&(+.. 3'*#$+.+5#5+10 #0&
3'7+5#.+:#5+101( 5*'#(('%5'& .#0&4*16.&$' #%%1605'&/13'3'.#5'&'(('%54+0&'(+0+0)5*'('#4+$+.+591(
+07'4/'05231,'%54
 /'5#..63)9(.15#5+10.#0&(+..45*''(('%541( /'5#. 231%'44+0)
